This paper describes a simple procedure for obtention of barley (Hordeum vulgare L.) doubled haploid plants from Brazilian hybrid genotypes. Anatomical and histological examinations showed the reversion of barley pollen to an sporophytic mode of development. A sequence of mitosis led to the formation of multicellular pollen grains. Regeneration of plants occurred either by direct embryogenesis or callus formation followed by differentiation through direct embryogenesis or organogenesis. Plants were formed in the same medium used for induction dispensing an additional regeneration step. This procedure makes doubled haploid production simpler and faster. Plantlets were transferred to another medium for rooting and after that planted in pots with vermiculite and nutrient solution.
INTRODUCTION
Androgenesis may be defined as the reversion of pollen grains to an sporophytic mode of development (Maheshwari et al., 1983) . When anthers are cultured in vitro, part of the microspores are induced to divide themselves, giving rise to small cell aggregates that turn out into a callus or an embryo. In the case of cereals, it seems that polarity of the first mitotic division plays an important role in this process (Sun, 1981) . In general, the sporophytic route is triggered by a symmetrical mitosis, which disturbs the original polarity required to direct normal gametophytical development of pollen grains. Depending on the occurrence of spontaneous doubling of chromosomes, haploid or doubled haploid plants may arise after differentiation. Anther culture technique for haploid production has been described in 237 different species belonging to 83 genera and 37 families and successfully applied for the creation of new varieties of cereals and solanaceous species, like rice, barley, wheat, Triticale, tomato, and tobacco (Dunwell, 1985) .
The first protocol of barley anther culture was established by Clapham (1973) . At that time, frequency of green plant regeneration was very low. During the last twenty years improvements in the composition of culture media caused a change in the pattern of differentiation. Instead of disorganized calluses, there was an induction of embryos, increasing substantially the efficiency of plantlet regeneration (Olsen, 1987; Hunter, 1987; Sorvari & Schieder, 1987; Finnie et al., 1989; Daniel & Baumann, 1990; Last & Bretell, 1990; Orshinsky et al., 1990; Kao et al., 1991; Cai et al., 1992; Scott & Lyne, 1994a, b) . When compared with organogenesis, regeneration via direct embryogenesis has many advantages. According to Reinert & Bajaj (1977) and Clapham (1977) , formation of embryos reduces the proportion of albinism and occurrence of chimerism and chromosomal abnormalities, assuring that doubled haploids produced in vitro will truly reproduce the genetic variability originally present in the population of microspores. Different factors (genotype and culture conditions of donor plants, culture media composition, light and temperature during anther incubation) may influence the route adopted in vitro. This paper describes the process of differentiation from pro-embryoids into whole plants in barley anther culture.
MATERIAL AND METHODS
Anthers were collected from eleven F 1 populations, derived from crosses made at EmbrapaNational Research Center for Wheat (CNPT) (28 o 15' S, 52 o 24' W, 687 m) (Stival da Silva et al., 1997) . Plants were cultivated in pots, with ambient light and temperature during the winter of 1993.
Spikes containing pollen grains at mid-uninucleate stage were harvested every two days, early in the morning. The stage of development of pollen grains was estimated through the distance from the base of the flag-leaf and the anterior leaf. For the tested genotypes and existing environmental conditions, this distance was about 50 mm. Immediately after harvesting, tillers were sterilized in the laminar flow with ethanol 96 o . Spikes were removed and stored at 4 o C, in the dark, as described by Huang & Sunderland (1982) .
After ten days of pretreatment in the cold, anthers were removed from the spikes under the stereoscopic microscope and placed in Petri dishes containing basic N6 medium (Chu, 1981) , plus vitamins (100 mg/L myo-Inositol, 1 mg/L thiamine, 0.5 mg/L nicotinic acid, 0.5 mg/L pyridoxine), aminoacids (750 mg/L L-glutamine and 2 mg/L glycine), growth regulators (2 mg/L α-naphthaleneacetic acid and 1 mg/L 6-benzylaminopurine), 60 g/L maltose (Merck/Mikrobiologie), 8 g/L agarose (Sigma, Type VII, low melting point). Anthers were incubated in the dark, at 25 ± 1 o C, during 40 days. By the end of this period, androgenetic structures (calluses or embryos) in the surface of the anthers were evident. Petri dishes were then placed in the light (60 µE m -2 .s -1 , 12 h). Germination of embryos occurred in the same medium, in one step, avoiding the need to employ an specific medium for regeneration of green plants. Green plantlets were transferred to test tubes containing modified MS medium (Olsen, 1987) , with 30 g/L sucrose, 7 g/L agar (Difco, Bacto-agar) and 0,5 mg/L AIA for rooting and further development of leaves.
Plants with abundant roots were planted in pots containing vermiculite and wetted with Hoagland's solution (Hoagland & Arnon, 1938) . Pots were covered with an inverted beaker, which was gradually removed to avoid desiccation. After ten days of hardening plants could be transferred to pots containing a mixture of soil and manure (2:1) and cultivated in the greenhouse until grain formation. Haploids could be recognized by counting the chromosomes, by their sterility, smaller size and tiny leaves. A high rate of spontaneous doubling was observed, making unnecessary to treat plants with colchicine in order to restore the fertility.
Cytological and histological analysis
Formation and development of pro-embryoids inside the anthers were monitored every week, during the first month of culture. Contents of the anthers were examined in the microscope after crushing and staining with acetic carmine. Androgenetic structures present by the end of the first month of culture were fixed with glacial acetic acid and ethanol (3:1). Preparation of slides followed the procedure described by Johansen (1940) . Staining was done with safranine (30 min) and fast green (5 min).
RESULTS AND DISCUSSION
The sequence of ontogenetic events described in this paper is very similar to the one described for Hordeum spontaneum by Piccirilli & Arcioni (1991) . After the first mitosis (Fig. 1A) , in vitro sporophytic development continued through subsequent divisions. Multicellular pollen grains, containing 8 to 12 cells, separated by complete cell walls, were identified after 14 days in culture (Fig. 1B) . It is possible to observe that while part of the microspores have adopted the sporophytic route the majority of them have degenerated. According to Hoekstra et al. (1993) , only 25% of the viable, potentially embryogenic microspores effectively divide themselves when cultured in vitro. Not all of these proceed their sporophytic development. According to Dunwell (1985) , the production of complete cell walls separating the daughter-cells is fundamental for the formation of normal embryos. Bajaj (1983) describes pollen grains containing up to 30 cenocitic nuclei but these soon degenerate.
The death of some cells may be responsible for the low level of conversion from multicellular structures into complete embryos (Dunwell, 1985) . The death of these structures may also be caused by inadequate diffusion of nutrients, by the presence of toxic products released by the anther wall, by chromosomal failures or by the appearance of deleterious recessive genes.
After rupture of the exine globular pro-embryos are setted free (Fig. 1C) . These pro-embryos gave rise to isolated embryos. The presence of typical bipolar embryos was confirmed by anatomical cuttings (Fig. 1D) . It was possible to identify most of the structures that comprise a normal embryo, like an scutellum, coleoptile, coleorriza, root and apical meristems.
On the other hand, clusters of globular embryos that stacked together, resembling a highly friable callus (embryo-like calluses) were observed. According to Norstog (1979) , these clusters are comparable to the protocorm of orchids, since they do not possess a single embryonic axis, but are composed of many different meristematic centers that may differentiate either regular, symmetrical embryos and/or roots and shoots. Embryo-like calluses have been frequently described in barley anther culture (Marsolais & Kasha, 1985; Kao et al., 1991) . Piccirilli & Arcioni (1991) suggested that their formation may be related to a premature development of cell wall and bursting of the exine, causing a disturb in the polarity of the microspore.
According to Norstog (1979) , callusing may be inherent to young and undifferentiated embryos, in which the routes of differentiation are not yet very well-established or, alternatively, a product of media and method deficiencies that do not allow the normal development of immature embryos. Orshinsky et al. (1990) showed that during the initial period of induction in wheat individual embryos predominated but after staying for a long time in the same hormonal balance these embryos adopted a disorganized pattern of cell proliferation that ends by originating small and compact aggregates. In order to prevent this circumstance, anthers should be cultured in liquid media where the appropriate hormonal and mineral balance can be maintained by continuously replenishment.
Plantlets were regenerated in the same medium used for induction of androgenesis and transfer was necessary just for rooting (Figs. 1E and F) . Orshinsky et al. (1990) described the same conditions for wheat anther culture. The possibility to induce pro-embryos and regenerate plantlets in one step increases the efficiency and makes anther culture faster and simpler to execute. As described in a previous paper (Stival da Silva et al., 1997) this method has been used to produce an average of 3,5 green plants/100 plated anthers. According to Foroughi-Wehr & Friedt (1984) and Kühlmann & Foroughi-Wehr (1989) this rate of doubled haploid production enables the technique to be applied in barley breeding programs.
